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This inTa.it ion relates to cryptograph A and has for itr object 
the pro ■'■'sion T nor' ns for autonntically *uwi con inuously changing the 
cipher equivalents r- presenting plain-text c aracters so ar to prevent 
any periodicity in thiv relationship* 

Another o-i.iect of the Invent Ion is the improvement of existing 
cryptographs employing a series of Juxtaposed, rotatable, eon-eet ion- 
changing mechanisms which provide an enormous number of alternative paths 
for the passage of an electric current corresponding to a message character, 
from the transmitting contacts of the keyboard to the indicating element • 
of the recording aeehanims* 

A further objeot is o provide means for the irregular and perwuta- 
tlva displacements of the members of a set of circuit changing mechanisms 
so as to eli :lnate an;, predictable factors In tlie movements of the circuit 
changing mechanisms with the result that unauthorised persons, even though 
they may possess identical cryptographs, will be unable to decipher messages 
eo enciphered* 

She invention is explained in connection with he aocompenying draw- 
ings, in whloht 

Pig. 1 it h diagrams tic view of a Mechanism embodying the inven- 
tion, employing one tape-transmitter; 

Pigs* ?. and 3 show dlrigranMaticslli the interacting relation of 
a plurality of tape- transmitters • 

In Pig. 1, which is merely dingranaatic, there are shown the fol- 
lowing elements all of which are well-known in the art applicable to mod- 
ern cryptographs: 'Che numeral 1 , generally designates a standard typewriter 
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keyboard provided with a set of keys for closing a set of contacts cor- 
responding to the 26 letters of the alphabet) the numeral 2 generally 
designates * recording or indicating device which nay .take the f orrof a 
set ef ra«gn«te of a printing; mechanism, or. a bank of glow lamps to in- 
dicate by illumination of superimposed lettering the equivalente result- 
ing from encipherment or decipherment; 3 generally designates a set of 
Juxtaposed, rotatable circuit changers constricted in the form of cipher 
wheels or disks, mountable upon a common shaft and arranged to rotate 
relative to one another and to fixed end disks, in order to provide a 
large series of variable paths for the passe- a of electric currents re- 
presenting message chnrnc ers, the exact path in each instance being 
determined by the relative rotatory positions of the whole set of cipher 
wheels and end disks at thnt instant. The esaet.ee of my invention con- 
sists in the addition of •* rat of cipher-wheel stepping mechanisms .gen- 
erally designated by the nun*sal 4, which m; an controlled by, one or more 
tape-transmitters o;‘ the us* nl typs employed in Baudot sy n terns of print- 
ing telegraphy. In Pig. 1 only one mich tape- transmitter is shown as 
at 6. In Pig. ? two such transmit tors are shown in interaction as at 6 
and 8* ; and in Pig. 3 three transmitters are shown in interaction ns 

at 6, 5* and 5". 

In cryptographs of this general character the principal rel- 
iance for cryptographic security is placed upon keeping secret the Initial 
conditions as regards the relative positions and the arrangement of the 
cipher wheels at the beginning of the cryptographic operations. These 
initial conditions constitute the "key”, and the latter visually consists 
of two parts. First, the specific horizontal pemutnt on of the cipher 
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wheels upon tha shaft, that is, the order of the wheels frost left to 
right or right to left between the stationary disks oust be indicated* 

Bach cipher wheal consists of two rings of 2b contacts, one ring on 
the ob terse face, the other on the reverse facet the oontacts of the 
obverse face are connected, by insulated conductors passing through 
the wheel, to those of the reverse face in an entirely random maimer. 

The cipher wheels bear identifying designations and are interchange- 
able as regards the order in which they may be Inserted into their positions 
upon the shaft, nmt it ir usual to >rree upon a key which indicates that 
order* For example, in a cryptograph constructed for five cipher wheels, 
the key 4-1-3- 2-6 may mean that cipher wheel number 4 is placed in the 
first position next to t*je left stationary disk, cipher wheel nunbnr 1, 
in the e oo:-.d position, and so on* The cipher wheels nay be inserted on 
the shaft in a right side up or up side down position* Since the wirli^s 
within the respective wheels are different, it le obvious that each of the 
10x8x6x4x2 or 2840 different permutations of the five wheels are available* 
Bach such permutation will produce different cipher results from every other 
permutation because the complete path through the whole set of wheels is 
established by the juxtaposition of five separate paths, one in each wheel. 
The sequence or arrasagement of the Individual ciphe wheels unon the shaft 
will hereafter he called t o p..' mutative key* The second part of the key 
le the specific alignment of identifying marks on the peripheries of the 
cipher wheels after they have been inserted on the shaft according to the 
pemutativs key* The periphery of each wheel bears a series cf 26 identi- 
fying characters corresponding to the 26 stopping positions of ; he wheel 
as it is displaced by rotation on the shaft. The Initial rotatory positions 
of t e five cipher wheels relative to one another and to the stationary 
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end disks, sb designated "by the horiaontal sequence of the identifying 
characters on their peripheries as Aligned on a ’'bench mark 1 ’ on the 
end disks, will fcerearter be called the rotatory key* In cryptograph* 
of the type -under consideration the pormtatlve key remains fixed, as a 
rule, throughout the encipherment of a message or a series of messages} 
the ini+ful rotatory Voj usually change# mereage to massage. 

Sow i-. all cryptographs ba ed upon tue use of rot- table cipher 
wheels of the type referred to above, and armnged as indicated, means 
are embodied within the cryptograph for automatically changing the rotatory 
positions of the cipher wheels during the course of enciphering or decipher* 
tng a message | these uean# are always of euch a nature as to make these 
changee of a definite and predetermined character. For example, in Hebem, 

U.S. latent -o. 1,693,072, %■]<* fixed character of the successive rotatory move- 
ments of the cipher wheels is explained in quite a detailed manner, and the 
same is true as regards similar cryptographs produced abroad, ‘i'he progres- 
sion of the cipher in these nu'Wp is -Us'lnr to thot of indicating 

meters or counting meehanisiis, hioh -••re basically regular or periodic in 
their sot ion. This regularity or periodicity of motion produces predictable 

relationships between the plain-text c exactors and tho cipher characters for 
fv-ty given initial rotatory k ay. '3ms, should the cryptograph and cipher raes- 
save# fall into the ' mne « of unauthorised parties, tlie latter can place them- 
selves in n nocl lion to decipher the messages largely as a result of he pre- 
determined nature of the t ocoesive rotatory diarolaceri.o: te of the cipher wheels, 
even though he initial keys ma.v not b« known. 

he basic feature of my lave; ti«m . the «i in-.' nation of thie 
predictable factor t ie provision of a uoojvnnlnn for displacing the cipher 
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wheels In an entirely irregular, aperiodic manner. This Is accomplished by 
mans of the wheel-stopping mechanisms shown as at 4, and operated In the 
present embodiment by individual magnets which are controlled by the single 
tape transmitter 6 of Fig. 1 9 or by two or more tap* transmitters as shown 
In Figs. 2 and 3. In this desoription 1 show a cryptograph with a set of 
five rotatable cipher wheels and a transmitter using a plural unit cod* based 
upon the permutations of two elements through flvs positions, but it is ob- 
vious that the invention is applloabls to a cryptograph using a fewer or a 
greater number of cipher wheels and a plural-unit code of a different type 
than the well-known Baudot five-unit code. 

Tape transmitter 8 in Fig. 1 Is of the type well khown in print- 
ing telegraphy, but only one of the usual two bus bars are connected to 
current source in this case. The transmitter is operated by a tap* bearing 
a series of perforations permuted in accordance with the Baudot code. The 
perforation* in tue taps control the action of the five contact members $-10, 
which, in turn, through the circuit including power source 33, and conductors 
21 to 82, inclusive control the action of the five magnets, 11, 12, 18, 14, 
18, as a set of elements operable in a perautatlve manner, as will be shown 
subsequently. 



The magnets 11 to 18, with their associated stepping mechanisms, 
which may be of the ratchet end pewl type, control, permutattvely, the die- 
placement, in step-wise manner, of the individual cipher wheels 18 to 20, 
and thus continuously vary, in an irregular, aperiodic manner, the rotatory 
positions of the five cipher wheels in encipherment or decipherment. It Is 
assumed naturally that correspondents must be equipped with similar cryptogra- 
phs and similar cipher wheels, wired identically, and that the correspon- 
dents are provided with identical key tapes for controlling the movement's 
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of the cipher wheels* The exact initial permit stive and rotatory key 
and the initial point of action of th^ key tape oust also he the same 
between correspondents, tund can he predetermined by agreement* 

The d irking arrangement may he such that on the hack stroke 
of any key of the keyboard, a contact 34, controlled by a universal bar 
on the keyboard is closed, and the circuit from power source SB, for 
operating the tape ptep-forward magnet 36, is closed, ^he next character 
on the tape i« brought into play, the cipher-wheel magnets, 11 to IB, are 
operated and the cipher wheels are sot to » new position for the encipher- 
ment (or dooiphertaent ) of the next character of the message* 

The enciphering-deciphering circuits will now be set forth in 
detail. Let us assume that the cryptograph is to encipher a message. A 
switch control mechanism 65, carrying « aerius o- 58 moveable contact 
members similar to the four shown at 37, 37 *, 38 and 38 *, all mounted 
on the sane bate, is set to "enciphering”' • This brings eontaot member 
37 against contact 40 , contact member 37 * against con-act 42 , eontaot 
member 38 against contact 44 , and contact me. bar 36* against contact 48 . 
Suppose key "A" on the keyboard is depressed. A current from power souroe 
46 flows along conductors 47 , 48, through closed contact 49, conductor 41 , 
contact member 37 *, eontaot 48, to 51 , which Ip one of tun contacts on 
the contacts on the left-end fixed disk; the current then continues along 
a eigsag path through the c ipher wheels, emerging at 52, which is one of 
the contacts on the right-end fixed disk, thence along conductor 53, con- 
tact 44 , contact member 38, conductor 43 , throi^h lamp or indicator’*!’', 
conductor 54, book to the other pole of power source 46 . Lamp or in- 
dicator M Y* is energised and the cipher equivalent of ’’A' 1 is "T, for 
the particular setting of the cipher wheels shown in the figure. For 
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* different setting of the cipher wheels, depression of **A M would yield 
some other letter. If the cipher wheels nre displaced each tine key "A" 

t» t!.pr«sM<' , tha r.:<!«i!3i>lw cipher e<iulv»l»nt« will be ttaurilly de- 
ferent, and will wry in a completely aperiodic manner po long as the 
displacements of the cipher wheels are aperiodic, a;-- would he the case 
in ray intention with a ko* tnpe eonsis' ing of a random sequence of Baudot 
perforation?. ’?he arrangement at the keyboard is such that on the rel a*e 
of any key a universal bar closes the circuit for operating the tape 
stepping mechanism ae explained above, thus causing the particular 
Baudot character then at the key-tape transmitter to actuate the five 
magnets 11 to IE, and thus set up a new rotatory arrangement of the 
cipher wheels 16 to 20. 

het us now reveres the operation and decipher. In this case 
the control device 6B for bringing “-he crypto, raph to the deciphering 
condition is set so as to bring contact member 37 against contact 65, 
contact member 37* against contact 66, oontact member 38 against oontact 
57, and contact member 38 * against oontact 58 . The cipher wheels lo-20 
are assumed to be at exactly the same rotatory position they were in 
when "A” was enciphered iuid produced cipher ,f Y w . Tow depress key "Y" 
on the keyboard, A current from power source 46 flows along conductors 47, 
69, closed contact 60 at "Y", conductor 61, contact member 38*, contact 68, 
conductor 62, contact 44, conductor 53, contact 62, thence through the 
cipher wheels, emerging at oontact 61, thence along conductor 60, contact 
42, conductor 63, contact 56, contact member 37 , conductor 39, thence 
thro- gh through Ifw-rp or indicator "A**, conductors 64, 54 back to the other 
pole of uower source 46. -'hue lamp or Indicator M A M is actuated and cipher 
♦*Y M reproduces plain text "A" . 
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The reciprocal relationship between all the plain text amt cipher 
letters ia accomplished in the sane way; only four of the 62 contact 
members shown at !7, 57’, 38 and 88* are indicated in the drawing, hit they 
are f <U mounted upon one base and are mowed into their enciphering or de- 
cipher in.- position by the single control 65 which motes them as a set to 
the right or to the left for enciphering or deciphering, respectively. 

All 2ei upper right-hand contacts on this moveable plate, similar to those 
at 40 and 44, are wired to the 26 contacts on the right-end fixed disk; 

all 2b lower right-hand contacts of the moveable place, similar to those 
at 42 and *6, are wired to the 26 o on tact a on the left-end fixed disk. 

This arrangen-mt for effecting reciprocity in ^ciphering and deciphering 
is, however, not a pari of my invention* Thi 3 method ami others' for ac- 
complishing the eame purpose are known in cryptographs of this type. 

The offset of various keying arrazu’ements with the cryptograph 
of my Invention will now be shown and will bs taken up individually. 

First, let us assums that the perautative key of cipher wheels 
and the key tape remain; the same for a series of messages. The key tape 
may be started a 1 the sane initial point for all messages or at different 
initial points for different messages. Assuming the former case, diversity 
of cipher resultnntc for identical plain-text messa ee may be brought about 
by different initial rotatory positions of the five cipher wheels. For ex- 
ample, a iMscage beginning "Proceed at once" , enciphered with the initial 
rotatory key "White", will yield a different cipher text from that en- 
ciphered with the initial rotatory key "Write" • Tims, since there are 
available, with a sjp4 of five oipher/ wheels, 2b 6 different initial ro- 
tatory keys, the potentialities of/ the cryptograph in this rsspeot are 
apparent. / 
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slow assume that the key tape in in the form of & continuous ring and 
con he started at different initial points, A iMBF6, e enciphered with the 
same initial rotatory key can he enciphered in &• many different forme at 
there are character* on the key tape; if it ir 10,000 unite in length, 
10,000 versions of the same message can he produced hy starting each mes- 
sage at a different initial point on the tape. 

It goes without saying that hy using many different tapes, and chang- 
ing the permute tive key of the cipher wheels on the shaft, the cryptograph 
will afford an almost limitless diversity of cryptographic results. 

All the foregoing variations arc entire 1;. aperiodic in character, so 
that no cyolla phenomena such as are used in the analysis of the usual types 
of automatic cryptographs are available for solving n esages produced hy 
the oryptofrruph of my invention, 

fig. 2 shows two tape-transmitters, E and &•» jointly controlling the 
magnets 11 t;-. 1?, watch are identical with similarly designated magnets of 
Fig, 1, In this arrangement two different oiphar-key tapes in the form of 
continuous rings govern the operation of the tape transmitters. The tape 
passing through transmitter S brings the set of con 'act members 6, 7, 8, 9, 
and 10 against bus bar 66 or bus bar 67 In f. p«.m« native manner; similarly, 
the tape passing through transmitter 6* brings the set of contact members 
6*, 7*, 8*, 9’, and 10’ against bus bar 66* or inis bar 67* in a permutative 
manner. '!*h« circuits are such • Jint only wn*-n homologous contact members ars 
in contact with opposite bur bars will current flov. from power source hS 
through the magnet controlled by this pair of homologous contact members. 

The tape stepping magnets 36 and 3-,« are controlled by a contact operated 
by the universal bar of the keyboard. 
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The object of such an armngeraent wit two interacting tap# 
transmitters is to provide a ver^ lohg resultant, or secondary cipher 
key hy the interaction of two relatively short, primary keys, For 
example, suppose a circular ape containing 1000 characters is passed, 
thro’.igh tape transmitter 6, and Another ci rcular tape containing 999 
characters is passed through tape transmitter 5’ . If the two tapes are 
smarted at given initial points and are moved forward synchronously by 
single stops, then these same initial points will not again present them- 
selves siwdltaneously to the contact pins until a total of 999,000 steps 
have been mn de. Thus, two key tapes of 1000 and 999 ohnrae era products 
a resultant key of 999,000 characters. 

Going one step further, thee or more tape transmitters may he 
caused to interact to produce still longer resultant keys. For example, 
three tapes 1001, 1000, and 999 characters in length will produce hy inter- 
action a resultant key of 999,999,000 characters. Fig. 3 shows how three 

cipher-key tape transmitters would be interconnected to bring this about. 

13» 

Transmitters 6 and 6 * interact to control relays 11 ’, 12*,l4*, and 15*. 
ha armatures 6”, 7”, 8", 9”, arid 10”, of the latter relays act in the same 
manner as do the contact member a 6 to 10 and 6* to 10* of the tape trans- 
mitters 5 and 8*, respectively. The interaction of the armatures 6” to 
10** w-th the contact members 6"' to 1Q ! " of the third transmitter 8”, 
controls the operation of magnets 11 to 18, which serve the function in- 
dicated by identically numbered magnate of Pigs. 1 and 2. The tape- sSdpp ing 
raagnets 36, 36 f and 36 w are all in the same circuit controlled by the uni- 
versal bar of the keyboard, so that all throe tapes are moved synchronously. 
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an extension of this maimer of Interconnect lnr tape tranmai tiers 
and relays. It le possible to have a set of four, five, or wore tape trans- 
mitters all Interacting to control collectively he magnets of the cipher- 
wheel stepping mechanisms* 

It is one of the notable features of ray invention that while employ- 
ing all the permutations of the Baudot code, 32 in number, as keying charac- 
ters, the flnr.l cryptogram is composed of only the usual 26 letters of ths 
ordinary alphabet, '’he six extra permutations (those other than the ones 
representing the Z- : , letters of the alphabet ), which. In systems using the 
Baudot code as a basis for a cipher key, cause much difficulty, cither in 
their elimination by automatic means} or if the latter is not possible, in 
their representation in written characters having standard equivalents in 
ths Horne code, have been automatically eliminated from the cryptograms, 
since all the Baudot permits. t lone have boon excluded from direct interaction 
with the message characters in my system. 
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This invention relates to cryptographs ana has for its object the 



provision of means for .automatically ana continuously chsn^iny -the cipher 
equivalents representing piain-text characters so as to prevent any periodic- 



ity in this relationship. 



Another object of the invention is the improve nent oi existing crypto- 
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wheels from left to right or right to left between the stationary disks 



must be indicated. T&e^cipher wheel^l consistSof two rings of 26 contacts. Ova 
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-gap on the obverse face, e»e on the reverse face; the contacts of the 
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manner. The cipher rheels bear identifying designations ana art interchangeable 



be - M ounted - itp o a tho ohai't kfr For example, in a cryptograph constructed for five 
cipher wheels, the key / -1-3-2-5 may mean that cipher wheel number 4 is placed 
in the first position next to the left stationary disk, cipher wheel number 1, 
in the second position, ana so on. The cipher wheels mny be inserted on the 
shaft in a right 3ide up or up aide down position. Since the wirings within u 

the respective wheels are different, it is obvious that each of tho 10xdx6x^oc2 or 



results because the complete oath through the whole set of wheels i3 established 
A 

by the juxtaposition of five separate paths, one in each wheel, The senuonce 
or arrangement ol the inuiviuunl cipher wheels upon the shaft will hereafter 
be callea the permut stive key. The second part of the key is tho specific 
alignment of identifying marks on the peripheries of the cipher wheel;', after 
they hove been inserted on Lse shaft according to tnc permutative key. The 
periphery of e^ch wheel bears a series of 2.6 identifying cuar-'cters corresponding 
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obverse face are connected* to those of the reverse face in an entirely random 



manner. The cipher ’."heels bear identifying designations anu arc interchangeable 
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cipher wheels, the key /-1-3-2-5 may mean that cipher wheel number 4 is placed 
in the first position next to the left stationary disk, cipher wheel number 1, 
in the second position, ana so on. The cipher wheels may be inserted on the 
shaft in a right 3iae up or up ".ide down position. Since thu wirings within ^ 

the respective wheels are different, it is obvious that each of the I0xdx6x^x2 or 



results because the com jlete path through the whole set of whoels i3 established 
A 

by the juxtaposition of five separate paths, one in each wheel, The sequence 
or arrangement of the individual cipher wheels upon the shaft will hereafter 
be called the oermutative key. The seconu part of the key is thu specific 
alignment of identifying marks on the peripheries of the cipher wheels niter 
thep hove been inserted on tile shaft according to tne permutative key. The 





periphery of e”ch wheel bears a series of 26 identifying characters corresponding 




to the ■ 26 stopping positions of the wheel as it is displaced by rotation on the 



shaft. The initial rotatory positions of the five cipher wheels relative to 
or.c another ana to the station.'iy7ena disks, as designated by t-he^ sequence of 

CTve A. 6"VJ /^A. 



the identify ir. * car ranters on their oeri heries. will hereafter be called 

‘ ~ * * A — - 

ts.e rotatory key. In cryptographs of the type under consideration the permu- 

9 

t’tive lev rca-'Lns fixeu, as a rule, throughout th-_ t-nci oherwent of a message 

3 

series o_ ...sesames; thv. initial rotatory key usually changes from message 



how in all cryptogr aphs based upon Lhe use of rotatable cipher ..heels of 

thi type rererrt. to above , are nrrnrw ta as inuicateo., means are embodied 

. It.. in tin. cr v 'tograpk lor '‘utemnt ic.-Ug ckar.gin w the rotatory positiors of 

the cioher wheels •*» the course of enci jherir. or dec Laboring a message; these 

mean- are always oi sue., a nature, a. - to m.-kc these changes of a definite ana 

predetermined character, ior exarnio, in Ik hern, u.S. latent ho. 1,633,072, 

the fi.cea character of t.ac successive rotatory movements of the cipher wheels 

is explained in quite a detailed :.rnner, and the same i,- true .as regards similar 

g ^ 'Ha w. ^ Cviea Ccowsyo v/3 

crypto, raphs produced abroad. Tais^ in v niaiabirity of motion produces predictable 



relationships between the plain-te t characters and the cipher characters for 



rotatory key. Thus, should the cryptograph 



ana cipher messages fall into the hands of unauthorised parties, the latter can 
place themselves in a position to decipher the messages largely as a result 



rrained nature of the successive rotatory displacements of the 



f 



nm# XMv.m. 






cipher even thou^v. the ir.iti'i 



y not be linonn. 



inn bvrxc n e t ur ( 



•tc-.nni :.. :or -irpjn ciny t„c ciohe:£ heels ir 



- < : x X ec-^'vc^- dLt € / 

^t-nnxy A «TOTt^r **-. .ur.ner. Thin in ncco^lishec by xe^s of ths -;he 



:'t- j /i 



/ir< “ •-' .-^opernt^Ly ir.eivl.u- 



'<* ft* (r ‘4iV'ht * t «>. •> , n<— - { 



. nn^n ..rich are con- 



in . iC t/ *.. * T J * ' i t + r /-k ♦ % i i . it 

• - 1 ' 3 °* *-.a^ or by t. o orJr ,or? true 



: t..i ■ oerrsri ption I shor 



u;i * JO '- 4C ti-v ‘ c ' ' i .' ,);: x.’ r;:-M;n,- of t..o t.t n 



‘ ; : ' J " v -'- > ”' ~... invention in -p.iic-Lit. to ?. 



f- i . r 




If- o 



)- ' jr> -u.r na.ii.er of cipher v reels mu - .ilurni-unit cons oi - C If f ercr.t 
1; f! ^ LoO-i • t • - - rT.'O." jt exec&JL . 

-"■• r... Liter,*, oj; in i i c . 1 in. 



• i* ouh one oi' the usual. t. 



' M "' *' ,i c ~" e ' The tr-.i4S.iut ter in oper-tea by r tape bee. 



o I’.iv j.’"'Uij:i.' pe-r.uut 



■ ; *'. ,L control tin notion of the five cor.t 



turn, t nro’i, h the circuit inc Luo in- 



;nt.n.>L t.;. 



O !' I —Civ L. 



The magnets 11 to 15* with their associated stepping mechanisms, whic 




in step*V/ise manner, of the individual cipher wheels 16 to 20, and thus con- 



tinuously vary, in an irregular, aperiodic manner, the rotatory positions of 
the five cipher wheels in encipherment or deci 'her.aent. It is assumed naturally 



".heels, wirea identically, ana that the correspondents are provided with identical 



hey tapes for controlling the movunentsjjof the cipher wheels. The u\.nct initial 
permutative ant. rotatory key onu the initial point of action of the key tape 
must feLso be the same between correspondents, and can be predetermined by 



The ..or Ling arrangement may be such that on the b'ici. stroke of any kuy 
of the keyboard, a contact^, 3/ , controlled by a universal bar on the keyboard 
is closed, ana the circuit from power r.oorct^fp Vj, tor operating the tapo 
top-forward magnoty, p6, is closed. The newt character on the tape is brought 
into play, the cipher-wheel magnets , 11 to 15 , art operated iinu the cipher 
-.heels are set to a now position lor. the encipherment (or decipherment) of 
he newt character of tu message. 

The enciphering -deciphering circuits .. i l.i now bo sot forte in detail. 



that correspondents 




e equipped with similar crypto* raphs and similar cipher 



./ 



agreement. 




0 - 



carrying a series of 52 moveable contact members similar to the four 



shown at 37 , 37 ’, 33 and 33’, all mounted on the same base, is set to 
"enciphering". This brings contact member 37against contact 40, contact 
member 37' against contact 42, contact member 33 against contact 44, and 
contact member 33' against contact 4 5* Suppose key" A" on the keyboard is 



through closed contact p9, conauctor 41, contact member 37* , contact 42, 
to 51 , which is one of the contacts on the left-end fixed disk; the current 
then continues along a zigzag path through the cipher wheels, emerging at 

I 

52 , which is one of the contacts on the right-ena. fixed disk, thence along 
conductor 53, contact 44, contact member S3, conductor 43, through lamp or 
inuicator "Y", conductor 5/, back to the other pole of power source 46 . Lamp 
or indicator "Y" is energized anu the cipher equivalent of "A" is "Y", for 
the particular setting of the cipher ./heels shown ir. the figure. ^For^a^dlf- 
ferent setting of the cipher wheels, depression of "A" would yield some other 
letter. If the cipher wheels are displaced each time key "A" is depressed, 



pletelj aperiodic manner so long as the displacements of the cipher wheels 
are aperiodic, as woulo be the case ir. my invention with a key tape con- 



/ 



f 





coded. jJi 4^/ 

the successive cipher equivalents will be different, ana will vary in a com- 



si sting of a random sequence of Baudot perforation 



The arrangement jat 





;|l! ; ll III)) ;; WPPiP, ?l;ll .P, 



circuit for operating the taoe stepoire mechanic Dc , . 

p - ng nechanis - n as explain ea above, thus 

causing the particular 3auuot character then * t ti e * 

iue.. u.c ^cy-tape transmi 



actuate the fi 



ive na._r.etc xi^lp, and thus set ui a 



ismitter to 



nev; rotatory arrangement of 



tea cipher ...aeelc lc£2 j 



n ° ; ' - ° e ci jher. in this oase the «££* *«' 



10r brin U*V the cryptograph to the* dec! x 



jnerin. contdtion is set so as to 



br in 



"° r *t ^ ‘ e ‘ T!bCr ^ a€ain " t cont " ct 55 , contact member 37' against contact 
....ube. ..3 Ln.-t contact 57, an. contact member "S’ arsinst 



aontfct 5 J. T 



Tin. cipxt.r -nc-vlc iv-fp .art asrumca to be 



at exactly the same 



rjt*:to r< . jo. It ion th 



i.. A , i as encipherer .anc- producea cipher 



M II *•* 

1 • <o *r f .: “ *• nvn + .* ♦ • 

o*i t.* . no’jri . A current from pov.er source ,6 

" I,: ■' U;! ' 0r ' ' 7 ' 3 *’ " ont ' 3t *> <* conductor 61, contact 

<*• conductor S3, contact 52, 

t: '* W ' t ‘ A ci *’ ht “ - osergirr at cent net 51, thence along con- 

1 CO, content . 2 ; con. Motor „3, contact 55, contact ne.„ber 37, conductor 



), t - iiict. tiirouxh L'.u.t or 



in o ientor "*«, conductors 6/, 5/ bac to the other 



or -over source /6. Thus iasy or indicator »A» is actuated ana cigher 



"Y" reproduces pi-in text 



Tht. reciprocal relationship between all the plain te.vt ana ci 



in occo .,1 lishee in txe s 



cipher letters 



ame way; only four of the 52 contact members shown at 



37 , 37', 53 ana 33' 



are inu L c-*tea in the drawing, but they are all 



mountea upon 



- 3 - 




V.> ! 



one base and are moved into their enciphering or deciphering position by the 



enciphering or deciphering, respectively. Ail 2 6 upper right-hand contacts/on 
this moveable plate, similar to those at 40 and 44, are wired to the 26 contacts 
on the right-end fixed disk; jaL1^26 lower right-hand contacts of the moveable 
place, similar to those at 42 and 45, are wired to the 26 contacts on the left- 
end fixed disk. This arrangement for effecting reciprocity in enciphering and 
deciphering is, however, not a part of my invention. This method and others . 
for accomplishing the same purpose .are known in cryptographs of this type. 

The effect of various keying arrangements with the cryptograph of my 
invention will now be shown and will be taken up inn iviau ally. 



ana the key tape remains the sane for a series of messages. The key tape 
may be started at th„ r.- v ne initial point for .all messages or at different 
initial points for different messages. Assuming' the former case, aivorsity 



initial rotator} positions of the Jive cipher wheels, lor example, a message 
beginning "froceee at once", enciphered with the initial rotatory key "White", 



/xj 

single 6 $ which moves them <;££> a set to the right or to the left for 



First, let us assume that the ho? lean t a d . per 




er wheels 





tatory key "..rite". Thu: 1 , since there arc available, with a set of five 




can be started at different initial points. A message enciphered with th 



same initial rotatory key can be enciphered in as many different forms as 
there are characters on the key tape: if it is 10,000 units in length, 

10,030 versions of the sane message can be produced by starting each messE 
at a different initial point on the tape. 

It goes without saying that by using many different tapes, and changing 
the horin e ntal permutatid^of the cipher wheels on the. shaft, the cryptogra 
will afford an almost limitless diversity of cryptographic results. 



All the foregoing variations are entirely aperiodic in character. 



•. so 



that no cyclic phenomena such as are used in the analysis of the usual tyoe 
of automatic cryptographs are available for solving messages produced by 



the cryptograph of my invention. 



Fig. 2 shows two- tape- transmitters, 5 ana 5', jointly controlling the 
mat nets 11 to 15, which are identical with similarly designated magnets of 
Pig. 1. In this arrangement two different cipher-key tapes in the form of 
continuous rings govern the operation of the tape transmitters. The tape 
passing through transmitter 5 brings the set of contact members 6, 7, o, 9, 

67 

ana 10 against bus bar or bus bar in a perrautative manner; similarly 



the tape passing through transmitter 5' brings the set of contact members 

,, U' (ol f 

’ 7', =>', 9', and 10' against bug bar or bus bar '66 4 in a permutativ 





u 




manner. The circuits are such that oniy when homologous contact members are 
in contact “it.-, opposite bus bars wili current flow from power source 33 through 
the magnet controlled by this pair of homologous contact members. The tape 
stepping magnets 33 .ana 33' are„ r -e tu r Wj . tr~ a contact ear.t nailed, by the 

/V * /x 

universal bar of the iieyboaru. 

"tuTD i jLdo- 5. 

Tne object o*. suoa *>n arrange mnt i • to pro vice a very xong result -nt. 
or secor.c-ury cipher se-y by the- i: ter'ctior. of two relatively short, primary 
.a.,/... ior , suppose - circular tape c mt'inir 13)0 characters is 

-nr'.-. t..ro-j .. t'p_ tr-n »it* 3, t. • another circular tape containing 393 
• r-ictw :: is. p.-.ssee thrri . tape tr- as ..itgf.r 5* . I; the two t: pes arc 

•.t' -st . • • b iven i * i L i 1 ■ . l ..jir.t • .an.. are ..iovtu fors ru enronousiy by single 

•ts, (.;s:i t. X kS »• ■J ' iicL.fBS ' initial points will not agn in present themselves 
*, j L . : ...t- ;t i’s ;;h i* • tots - 933, QJO steps nave been maae. Thus, two 

s. t +spes o IJj) on- ) ■ characters produce a resultant key of 999,003 char- 
'.Ct.eS . 

hoiw in stv.p I’ji-t. ui'. tnree or more t - pe transmitters may be causea 
t-; interact to produce stixl long'er resultant keys, for example, three tapes 

I j )i, 13 j 3. aiu* ) J ) characters, in length will produce by interaction a 

re suit an t key oi 3)1,199,033 characters, lig. 3 chow. 3 how three ciphei--key t°pe 
tm. " liter - ..ouia be interconnected to briny this about. Transmitters 5 ana 5' 



internet to control relays 11', lk', 13', 1/', r nc 15'. The armatures 6", 7" 



( ) 






3", 9", and 10", of the latter relays act in the sane manner as do the contac 



members 6 to 10 ana 6' to 10* of the tape transmitters 5 and 5', respectively. 



The interaction of the armatures 6" to 10" with the contact members 6 m to 10'" 



of the thira transmitter^ 5", controls the operation of magnets 11 to 15 , which 
serve the function inuicated by identically numbered magnets of Figs. 1 and 2. 
The tape- stepping magnets 3b, 36' anu 36 " are all in the sane circuit controlled 



by the universal bar of the keyboard, so that all three tapes are moved 



synchronously. 



By an extension of this manner of interconnectin' tape transmitters and 



relays, it is possible to have a set of four, five, or more tape transmitters 
all interacting to control collectively the in n{ nets of the cipher -wheel stepping 



mecnanxrms. 



It is one of toe notable features of my invention that while employing 

all the permutations of the Baudot code, 32 in number, as keying characters, 

the final cryptogram is composed of only the usual 26 letters of the ordinary 

alphabet. The si;; extra permutations (those other than the ones representing 

the 26 letters of the alphabet), -which, in systems using- the Baudot code as a 

basis for a cipher key, cause much difficulty, either in their elimination by 

automatic means; or if the latter is not possible, in their representation 

in v.ritten characters having - standard equivalent:} in the ..lorse code, have been 

automatically eliminated from the cryptograms, since all the Baudot permutations 
have been excluded from direct interaction with the message characters in my system. 
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